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(54) COMPLEMENTARY MOS SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
device having low power consumption and high drive 
capability that can operate at a low voltage. 
SOLUTION: For a conductive type of a gate electrode of a 
CMOS, both an NMOS and a PMOS are made into a P- 
type polycide structure, with a layer structure consisting 
of a P-type monopolar of polysilicon or P-type polysilicdn 
and a metal silicide with a high-melting point. The PMOS 
can be made a short channel and a low threshold voltage 
due to a surface channel type, and also for the NMOS of 
an embedded channel type made into an extremely shortly 
embedded channel and the short channel and the low 
threshold voltage can be made easily, because arsenic 
with a small diffusion number can be used as an impurity 
for controlling the threshold. A resistor used for a partial 
voltage circuit and a CR circuit and a fuse for laser 
trimming are made identical with the polysilicon layer as 
the gate electrode. 
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2 1 BulBN^^^^/l^MMOS h y y-i?:^ ^ -<DP 
[|S*« 3 1 MIEN'^-r t^/uMMOS 1> 7 v?;^ ^ -(DP 

ffio 

^mw^t-f^m^^i. 2. 3. 4 {::|5®«tBffl®M0S 
5r#mt^^W*«l, 2, 3, 4 {CE«<OtaMMM0S 

Wtjimt. \tm)nmmf£^-(r>pmmKW-^^ti^k 

mUPW.^- hmMo:>mW-yt 200oAA^f>60o6A 

[fS*« 1 0 1 «iiam-<^#^S y => i: tuiEH- 
oitiit^S^jg-yy-th-c Ki:<Di9[i-efcSmriE7Ky-!h-< k 

^SS^v^y =1 :/«8Iff/4S 5 0 Qkt^h 2 5 0 0 A»®H 

T-fct), Hi^E^-<^i^i8l!^^iRv^y1^1' K<©igi?;jS5o 

0A;!)^P,2 5 0 0 A(DliSllT'fc-5::i:^4$ilii:-r-5if* 
<tt>'BiiiaP^^^>^wMMOS h 7 vv?;^ ^'-roffijlEPSy- 
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2 , 

2 0 0 0 A^^PjO 0 0 0 Aco^fflT'fc*) , ttilBN^-^^^ 
yuMMOS h y ^i^;^^?-*^ iufmilSP^^^^vuMMOS h 7 

5HfiiE:iKy-y-'f Kifitd^e>/i^^-a-<^BuEii-<^#sgrH 

•>y ^y(DmUm7iW-(r>mW\l>.5 ooA*^b250oA 

®i5iaT'$)5r ir^iitmi-rsii^^i. 2, 3. 4. 
10 5.6.7.8.9.10 K^mL<Dm¥mms^mwm 

So 

{f^W^^^ii^ 1x10" ~9X10" atoms/cm' T'fo 
^f^m^m^ip' 1x10" atoms/cm' a±-efe -5 y 

tz\±m.m^^^. 'y- vm.mti)> 1 0 0 Q/nm'^t^h 

pm/'CHtim@||T'*>5ri^#mi 1-511*311. 4. 

[ft 1 4 ] HUi5Jtp^{S^SJk^-(DPMlSei#: 

1X10"~9X10" atoms/cm' T'fc 

1 5 1 wm\mmmmmfj:w.~(r>pm.miW- 

1 X 1 0" atoms/cm' J!iA±-Cfe'5 n :x 
30 *fcttBF2 hffi5tfit>iS^&Q/n>6»ib 1 k 

Q/DBU^-efct). mS#m;4S^S"ppni/'C55^P>Tppin/ 
"CBfJ^gST'fe?.' <b?r!|#mi:-r-5IS*«l. 4. 8lc 

[ft*« 1 6 ] mrfeig-»iSii!,fe^js->y ■y-^r vf)^^ 

l^^T.y-^y'y^)'^-^ Kt L< fl^ y yx:/->y •y--< Kt> 
5^i:*4#mi:-t"5fH*«i. 3. 10. 1 1 

40 P^f— hail*Dj;O^Hfi|eP^-\'4^>'H'M0S h 7 Vv^;^i5' 

-©PMy- M:ffi^«j5j<;l-5Hiiffi^-®#SfB->y ^ 

yfiTM#l2tS3i^ 1 X 1 o" atoms/cin' iy,±(^JKD l/-^ 
fcHBF,Sr^tfrt^!|#j|S[i:i--5lt*«l^ 2. 3|Stt 

[fi*Ji 1 8 1 miEN^ \ ^^yuMMOS b 7 > v^;^ -*J 
iO^BfiieP^-^'^vuMMOS h 7 :/v':^i5'— fi. V— ^ ^ K 

^1»igT-fc5^-co1ftig»M0S h7i^v':^;5'-Sr^tf:: ■ 
50 <i:<&#m<!:-r'5ff*Jll. 2. 3 {cEit(^tBtfiSMOSiii^ 
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3 

Tv^SA^'b L< \±y-y- 1 K W :y<Dmiji)mU?W.f 

- h'wmtw-m^\^:i--''<-y yzf\.x\^^^m^nmm 
-f y<Dm:^i>mmpm^- hmmtw-m^i^^-^^-y 

<Diioshyyiyy^^-^^ts-^t^<f^mtir^m^m 

[f|*« 2 0 1 HiFlSN^-^'^^/l'MMOS h 7 >i^y^ 9 -*S 

iz.\Mimwfm.¥- vmM>i^mm\z.ir-^<-y yfL 

- hmmtw-mmc:t-^<-y y:fLx\,^^i&^'Amm 

mim^~ hmmmx ^ t>ii]¥;iiwv^BH(D«it<oMos 
im^m 2 1 1 BfriEN^ ^ ^^y«os h 7 >' v?;^ ^ - 15 

< (±y-;^ t K u-^ :^©i^:^;45^lSigiJgSt£t![® J; "9 * 30 

lz^-y<yyy^LX^^^i&^Pi!^^&(Dij:m.mtf}^hfj: 

^mwo:>m^mos['y>^i^y^^-^tt^zt^!i^mt 

im^m 2 2 1 MfEM-<7)1iJg(OM0S hyyi^:^^- 

gSai5:^(^^*fitiaiS*5 1X10"~1X10" atom 
s/cm X-h 'O . HiIfBII— O#lig©M0 S h 7 > v':^ ^' — tJ 

OS h y :^v^^ ^-{c*Jlt5H«|Sigi^i^i^^lSfeticlOJF 
*fii^jiS;6S 1x10" atoms/cm' '^J.k.Xpi^ Z. t ^mWi 
i -r 5fS*« 18. 19. 20. 21 {CfEttW+BMMMO 

[sS*« 2 3 1 BfFfSNf^ -t- ;^yuSMOS Vyi^i^:^^-^ 

ffi]it(7)M0S h y i/v^;^^-JSj;tFHfj|S^E(75fliaS<7?MOS h 

1fimMi^tz.\t}) >Xti>^ . BuieN^i'^/USMOS h7Vv^ 50 
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iS||-(7)1i5g(7)MOS h 7 ^-v^^^ ^-*J J:t>'BulEl|H©« 
3tCDM0S h 7 >- v^;^ ^J'-fc J:t>*HuEME(Dll|Jt©MOS h 7 

vm^tzi-i.'):yX'hh^k^^mtiri>%^i^m.i^. 1 

9 . 20. 21 KmWi<Dmmmms^mwm^o 

[!I*JI 2 4 ] mWP^\^-J^Wm^ V yvi/T^^—cn) 
«iit(DMOS h 7 v'yy^ ^ -iil.xim^%m<r>W&(n>m% V 

■h^if^u:y^t_ (iBF, XM . BufSPf" ^ ^yWMMOS h 7 

— coiuie^— ® li it ooMOS h7>v'^^— *5j;t/ 
StflBlg-coliigWUOS h 7 i^v>^^'— ^JiU^HiJfS^Hro 

yy'j>7.9-\z.i^\-^^m^m^mmWiW^WM<o^w^ - 

8 . 19. 20. 21 (C|2«c»ti1iMM0S^^f^gSo . 
[a*«2 5] B(flBN^-\'4^>'U^M0Sh7^v'^^- 

^i^#mt-r^ii*«l. 2. 3 (C|E«c»ffi WlOS 

2 6 ] MI5N^ -\' ^vwSMOS Vy^'^T^J^ — 

•fi. L^t/Mt«BE;«5jiiix;z^^^^.^u^(7)7^^7'!J-->3 

rt^#m^:-r-5if*«l. 2. 3 {C|5«(7?ffiffliMM0S 

[ft *31 2 7 ] mJiEP^ ^ ^^/wMMOS h 7 > ^ - 

i^#m.k-rS!S*JSi. 2. 3 {r|a«6<offifflMM0S^ 

[IS*«2 8l mIffiPf--V^^>'UMMOS h7^v?y^^'- 

»i. L#i/>fjimff>55ffii2i^^-v^/i'M©7''r7'>J— >3 
v-MT-fc 5 HZKDP^ ;!!./uMMOS h 7 V v^>^ ^ — ^-^tf 
r t*4tm<!:-r5fS*JSl. 2. 3 {C|E«Offiffl MMOS 

[i»*Jl3 0] MlfiN^-^^^^l-MMQS h7^-:^^i5'-© 

PM^^*- hms*J J:^^*B^^EP^i'^^^^SMos h 7 >v>;^ 

[0 0 0 1 1 
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iH^Ui^ (Voltage Detector. iaf^VDi:^tB)^^«J± 
1/—^ (Voltage Regulator, t ^ti) ^ . 

:>'^y i/^=¥= 3- 1^—^ (Switching Regulator. tA^S 

[0 0 0 21 

''.e -5 tatfiMMOSWit (Complementary MOS, mkCmSt^ 
[0 0 0 3] 

0. 7 VgS©3;:x/N>;^;^>' hSoONMOS (Jgil^ESNMO 
IE) fi, N+S#^fH y 3 >T-fe S >:^- h ®18 1 N :n 

[0 0 0 4] ffi)i;^f•?^-^'^/^S(©EMPM0S^c*5^^T, {& 

ffl;ff»jf^^3IS1--<< L#VMit«ffiSr0iJx.tf-O. 5V 40 
t^oTPM0S(^:t7^{rjott-5 y-^'HaSliJtJDU. 

^^•^■SSJIW:^^^^: LT, la 1 O^m 1 1 {c^-tNMOS 
<^y- h W&<r>mnMi>^m.Xh 9 , PMOSCD h MB 50 
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[0 0 0 5] LA^LlRlll^r'- KaiOSfi. H+^'^^b'^^J 

^|H]S§{^t5l^T{4ii^tt. ffi^?;»l*(73[5]±(7?fc*l-NMOS 
M0S;i»^PMGS*-eil^'fcH@<?5#!iSrB->y =" :^/j^i>Lfi 

57t^y •y-'T KWitici ^y^^T^ h^ri^AK rnioi- 
mmmx't£\'^zt. mi i{c^-rj;5^^#y-y--r K«it 

ts^^xmmi^Lx\^^^. 

. [0006] -4immiii&=^^ hxmumxh 'o ^^ofsm 
mWii^'!?mHmm:hX'h^mnmf£^<'p—^^—i^?^> 

[0 0 0 7] 

(1) ^ ^^/uSMOS h^^^v^;^^ — irP^-^ ^-yuMMOS 

[0008] (2) milSN^ + ^/USMOShy^'v'^^- 
[000 9] ( 3 ) m^=^^^-/^wms h 7 V v?;^ ^- 
(opm^- hWM^iiU^mBPf-^^-^i-Mms Vyv'J'T. 

^-(Dpmf- h«ii>45^-<7>#^s£rH->y ='>^^-« 
[0 0 10] (4) mi^mi^tm'^m-ci^'i^^'y') 

[0011] {.^) m%^%--(r>^'^^^'y') ^^t^hfa^ 
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[0012] (6) gfrisn-ro^^^v-u ^v**?,/^^ 

[00 13] (7) mmfB-<D^'^^B'yD=i>-A^hf£^ 
[0014] (8) mitS^-(7)^|£s^Bi/y ='>A^p>/=e5 

mmmms^ni^mw.ti.tc. lo 
[0015] (9) mmm-<DS'i^m-yv ='>'wmi^^> 
fi^mmpM^- hmm(Dmmii 2oooA;6^f,6oo 

[0 0 16] (1 0) mmm-(D^^^'>v ='>tmB 

— ^^SS^bV'U =3 >'<^BIJ?;i5 5 0 Qk-h^h 2 5 0 0 A(7) 

5OOA;0^e525OO AOfEffl-C-feSffiliMMOSil^^^f*: 
^gtL/Co 20 

[0017] (11) BijfeNf--r ^^^i^^MOS h 7 ^'v'^ ^ 
— *5 J; tl^BuEPf" ^ ^ /I'MMOS h 7 >' V? j:^ ^ — (D MfEP® 

fffi 2 0 0 0 A;O^P) 6 0 0 0 kcD^mX'h '0 . HiIfeN^ 

y 3 ^<DHUiaffiei#:0|^J¥fi 5 0 0 AyJi> lb 2 5 0 30 

[0018] (12) mmitmmi&m^^£m-<^mm. 

1X10"~9X10" atoms/cm' 

[0019] (13) mmit^mW>MS.^AW-<omn 

inmt^n<^m&7!)^ i x i o" u±xhi> y >ttcim 
[0 0 20] (14) mBit^&ii&mmti:m-<r)pmm. 

tjimi^n^f^&ti 1X10"~9X10" atoms/cm' 

/at^hWL+k Q/anmx'h^nmmms^mi^mm 
[00 2 1] (15) mBitm^^mmfj:m-(Dpmte: 

fei:ft:fi^»^t)iig/45 1x10" atoms/cm' y±-r'fe.55K 

ikQ/ammx'h<o. i&&%m'^ik^ppm/°cf)^b=f'p 50 
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pm/x^m'^mmxhmmmms^mi^mmt ltz, 
[0022] (16) mmm-o^Mm.^^mi^v-^-f k 

Kt>L<^i5'^->.yf--r K'LL<tiy7 5"-^'>yf--f k 

[0023] (17) milBN^-ir^/l'SMOS h 7 v^>^ 
-(DP^y- K«1Sti J;0^ifif2P^-v^^/^^MOS h 7 Vv^ 

y ='>li^j^<I^M&i^ 1x10" atoms/cm' iil±CD/Kp 
[00 2 4] (18) MieNf--V^Vl^MMOS b 7 V v=:^ 

— tJj:u^SfifeP5^-\'^^/'i^MMos b7^/i/;=!.^-tt. y-;^ 

[0 0 2 5] (19) HUlfiN^-^' ^vuSMOS h 7 > v=:^ ^5? 
J;t>*Htil5P^-^^^/«os h 7 :^v?:^ tt, K u-T 

>mfzinmmpm^- hmmtw-mm^^~-^<-y -y 
i^ascptesfci i: . K i^mtz^nmt^pm.^- v a 

'«it(^Mos h 7 v^>^ ^-^^t^^mmm^M^^^ 

[0 0 2 6] "(2 0) BulEN^-^^vWSMOS h7>'v=;^;J' 
-*3j;t)«tlilEP^-V^>/L'MM0S h7i/v';^^— (4. 
i^ffiiJfctt/JSmlffiPSy'- h«<^<!:¥B6<){c^-^^-7 -y 
7'LTV^.5/i^'bL<f4y-;^i: Yv^i/(r>miQtm%P 

<b . K i^^ ^Wfcli-ji^mrtePSay- h« 
eBi:¥®6^{-:^--'^-7 ■7 7°L/.eV^*^t L< {4y-7.i 

-7-y7'L*l/>iii^#C#lSS<Dl£m^i:/5>e,'Je'9, $ 

MOS h 7 :^v?^ ^-^^tftBMMMOS^ii^^^eo 
[00 2 7] (21) huIEN^^^^/PMMOS F 7 ^'y^^ 9 

— J: tPmllEP^ -v ^vu^MOS b^vi^^^'— lis y— ^ 
t Ku-r v>i^HuffiPM'>^- Mllit¥ffiWi-;^--^<-7 

V) § t.t^^-^-^^/WMtcJiicLTfuEPSy- 

[0 0 2 8] (2 2) HiilE|g~(7)|Sit(OM0Sh7>-:^;=^ 
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m<^^&itmm(D^n'^M&r- 1 x i o" ~ i x i o" 

atoms/cm' X'h "? , milBI|-<^«ig<^MOS hyl^i^'y^^ 

- Ja J: O^HuffiM" ©«ig<OM0S h 7 >- v^;^ ^ -*3 J; i>'hu 

1 X 1 O" atoms/cm' JW±-r-fc5+i4ft 

[0 0 2 91 (2 3) HuteN^i'^Vl'SJMOS h y ^-i^'yii ^ 

OS h ^^v^^^^-iciJit^Mtefs^iffiii^iiSfetiScD^ 
yi?y^ —(Dmsd^—(Dmym(oms h y >i^y. —tiX. 

® ffiigWMOS h 7 > ;^ ^ - tJ J; t>'HfFEII E »«3atOM0S 

[0 0 3 01 (2 4) HuiaPf-Y'^-yl'^MOS hy:^v^;^^ 
H(Dffi^g(OM0S h7>-:/^^-*3<tUJBiita||Eg<73liig(DM 20 

OS h 7:^v^^i^-tcjo:t6HiiEi£^i^iKijiSJ£S5:l«^ 

jj? n :/ S fcf±BF2 T f? . fflflEP^^ -V ^^-WMMOS h 
yyiyy.^ -«B«|SI|-(7)flf ig<7)M0S h 7 i?^ ^' -fc 

J;t>*Hfit£ll~<o«it<75Mos h 7 y v^;=!-c5'-fc<tt)^mite^ 

Z(0«ig(DMOS h 7 i^v^;^<5'-*5<);t>'SljK^E<^1ii£(7)M 
OS h 7 i?^ ^ -fC*5 It BUiaiii^i^«b«Steffi[l<7)^ 

I 0 0 3 1 1 (2 5) MiN'^-Y^VUMMOS h 7 >-v^;^ ^ 

I 0 0 3 2 1 (2 6) HUlBNf-^ ^>;UMM0S h 7 >- v';^ ^ 
-Ji. b#i/^«fflE;4Sffiji^f^^4^yi'SC>X'f 7°!)— > 

tftSffiSJMOSili^fl^iggt LfCo 

[0 0 3 3] (27) HulfiP^-t ^-^i^MMOS H 7 iJ' 

hMT'fe^,^-<7)P5^^^yV-MM0Sh7:^v=;^i5'-^^tf ' 
fSliSMOSifi^ftggt L/Co 40 
[ 0 0 3 4 J (28) mitePf^-t ^^yi-MMOS h 7 >- v';:^ 

3 :^S-C'fcS^~(7)P5^-^^yuSM0S h7Vv'^^ — ^-^ 

[0 0 3 5] {2 9) mBi^—f-bV ^:^^m^=>.- 

[0 0 3 6] (3 0).HfFlSN^-Y;t;yUMM0Sh7>'v^;^^ 

-(DPS/y- h miifc J:t>*BlllHP^-V^^/l'^MOS h 7 l^i? 
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10 0 3 7] 

&-i\^^xnmi-^o m i it^wM(Dami^mi^'&w.(D- 
mmm^yni-m^^m^mxh^. p^^^f^s^io 

1 {-ff$^Jc$nfcy- h«lS/45P + §J»#^fH->y 3^1 

0 7-e*j«P y->^i: KW>'34iV^t>i^5Wi//l'KW 

ym'AX'h^MOSi 1 Ni>in/u^^i 0 2tc:fM 

^Mc^- hmm^-^lt<OP + m(D^r(^^Bi^V O 
7 T'fc -5 -> V K l^-Y V^iiifZJPMOS 1 1 2 i: b -5 
CMOS ,t , y^-;u Kffe^ai 1 0 6 ±{r ff^^ $ tLT I ^ 2. S 

CR|E]gS/^i:'icfflv^CttSP-ffi*n;f$:i 1 4*Dj:t/N-ffifei 

©u-if-hy ? :^^^fflt3.-X4 0 1 <!:>6>ibfll)^$ti, 

rv^^o y'- ha:iiT'fe5P+#5SfH-:/y a^-i 0 7{i 

ii^gji^i X 1 0 " atoms/cm' jy,±C0#o>4/c{iBF2/^ 
i:-»T;^-fe7'i5'-^^i^^^tf„ teet<*:i 14, 115 
«^OI^it*ffi<^ffiffi$*^e)CM0S<^y- 

[0 0 3 8] PMOS 112 |CfcV^Ty- h«115rP+#^ 
B%'>y nixi 0 7 ti-^:LtX\ 0 2 

h«S®tt*li^^<75M#.*^P>EMPMOS©^^^^yWfl«ffi 
f'^^^/l't f£?)t^. ^ffi^-Y^^/WMPMOSfCfcVv-cUL^ 

v^<it«BE^i5iJx:tf-o. 5 v^±{^^^LT<b«/i^ 

[0 0 3 9] — :fe-NMOSl 1 SJCjol/^TJi. P+^^S^v^ 

y 3>-l 0 7(75y-h«11irPSM^2gf$:£^l 0 1 (75tt 
»ffi&(7)M^^7!l^ bEMNMOS® ^^U^ffiii^z^^ 

iC(0/h$;ifflt^^L#v>f6*Jffliffl K:^-^M#)^: Lxm 

•So iSo-CL#vMS«i±*t?!l;tfio. 5VtXT©/h$^.e 

^^/l-<t/i5N+#*gfBV'y ='^S:'>^- hmiii: L/cEMPM 

0S(Z)«-&{;i«:^, -y-y ^ u y 3 Y(r>%{\L^ y -^^ ffi 
jj£roii:*:*^L<ai«iJ-c#5o 

[0 0 4 0] tA±(7>!jiBJ{CJ;i9*|gP^|CJ;?,P+^|g0^0 
->y hmil.!: LfcQWStt, tS5fe«N+# 

i^fBV'y ='i^*is^y-hmii<bLfcCMostjt'<, ism 
[004 1] ■^•tz.'&mB.m(f-'^mm'm,tiKn\^x\t\^ 
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[004 21 [21 1 1 1 4i6i:m-^mW- 

1 1 5c^P5;^Sr^LTi/^S;4^ ^ixh(r>m}i^(r>>^^t 10 

S WT'P-Sfiifli 1 1 4 t L < llN-ffifeii4c 1 1 5 (75 if *> 
3:/{c:<tOffM$tt-t*J'9, t^oTBfff(i2 0 0 0 A;b» 

e> 6 0 0 0 kumnmwxh "9 . v— hfijuMii^w® 

fitwffliifc J; ^. ^siiS<^^J±(e]8S{ctJ^ ^Tliic k Q/ 
tiP-jfifeift: 1 1 4^c:io^^-tf±#□^7'£^^LBFJ Srffli-*! 

X10"~9X10" atoras/cm'gygtOjiigT'fe "9 ^ N 20 
-ifiinft:! 1 5tc:*51/>Tf±!J ^^il^^ L5lt*^fflV^ 1 X 1 
O" ~9 X 1 o" atoms/'cm'SS©aiS-efc5o 
[0 04 41 ^fc. r-hy 5>'i/fflt;L-X4 0 

1 itP+^'i^^B^y y 1 0 7 1 i5)-xgT'ffM$tt5 
[0 0 4 51 u^(D^- hmmm+^m^^y y 

m^m^ffy K-f^-^t LTtetfcJp'f y ^i£Sic;6S- 

fB'>y n^^^l^y- ^cMos{cfc^^-c^i. V-.i^^f^^^- 

Id= (/i • Cox • W/L) X {(Vgs-Vth) - 

Id: KW^^mSE 
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[00461 m^y^^mt:nmffu\zmm Ltzm^<DM.i^ 

iSjEMVRcDffijjfeMS^^T^I-o VRfiSJi«j±[piss 1 2 3 

i::3i7-Ty7°l 2 4i:PM0Sttl;tl*^-l 2 5 tfifeil 2 

9d>b/j:2>:5>lE|lI8Si 3 Oir^i^b/i*), At)i^'lFi2 6 

-ti>^mt$mW:Xh^o 
[0 0 4 71 ia^, 4#{C:g|^«|S|^)(t(^VR{rf4A;tll:ffi 

¥«j±iHii^^i»^L, i&=':^hxw,i&m^'omm&xh 

[0 0 4 8] $e){cftt>ffi5feS»ii^/^g*-r'fc^^g;3;=^ 
bib. BP t,^ y ^f--r X(7)i^/hJ?>/jNM{b(ijtf L-C:*:|ie^ 

[0 0 4 9] VmtW+mAA>h-^'SmA(DmM^tii:f3i- 

L. m& i o -C fi.^ 5/ T'ffi^© {if? iSrPMOStiJ ;^ * 

i^/J5rJS*?)«-a-;i5$,2.c tSoTrwPMOstt);']*^^^^-'!' 

[0 0 5 0] -:fer. A;'3«JE«{£«fffb©^*i:/hAffi 

tim\u.mTxnw^\^ti(Di^mm^ i^m^^^t \-m^fz 

mzjfsn 5M0S h 7 v v':^ ^ — » K i^'T ^'WM.ii 
1/2 ' Vds} XVds (1) it 



Cox : ^- hffiStBiSl: 
L : f■-lr^/^ft 

vgs : -y- h • y—^mMs. 

Vth : t #v^{itfl;ffi 

Vds : Kl^-O • y->^FBi«j± 

T-«$n5o 3n^^li-^$-f. Vgs^Vds>i5/h$<T'b+ 
:»:^^v^KW>i:-r-5{ifi, (1) ^J; ?) ^-^^-yi^S 

[0 0 5 1] -4^^micx^p+^'ifSiB^yv =^>mm^^ 

- h t L;feCM0S«3gf4. :i-7m<0]}-i'mm^WULtc 50 



40 LT^^I'^?;!)/i¥S-C-fc5r<b/i5a)5?$*LJ: 5c ^^fS 



[0 0 5 2] 4fcVR{Ciolt?)*^l^»P + #«Srp->y 



13 

[0 0 5 3] $ hic-4i^mnp+^'r^^B~yD ymm^ 
- hCMOSlSitfc J: t) , U^m+^f^^-yv => y^- h 

[0 0 5 4] &.±WiCioii^>^mM(D^^^mm Lfz 
[0 0 5 51 HI 3 {i^:^?qoCMOSi|i^##:3Sg(OSiJ(7)||l£ 

»± 1 0 0 Q/nss t ^k:^ < , iSijiiiif^^iSjijSm 

->yf-^ Kl 1 6^ffMLfc^^*^^^)57Ky-!^-(' KlfitSr 
i^X^iK ^JP6tl{Cfi5 0 0 A**e>2 5 0 OA(7)8iffT' 30 

icT-^4syt*. i&mi±mi¥. mmmt). is=i^h-{c 

[0 0 5 6] ^ 3 {:l*^v^T{iP-^g^^ i i 4 
{C{i^fci9iil!,^.^JR->yf--l' K^^*L7iV^;5^t>L<li 40 

tcmt<Dn^(Dmm^.^m^yv-^-( K^a*^6<]}:ii^*i- 

T'fc5#l£0^p->y a^^OBIJftt, 2 0 0 0 A;i^ 

b6 0 ooAumoTf.])^^ mm(DTm tm-mxh 

[0 0 5 71 $e>{cia3{c*jits u-if- h y 5 >'^^ffl 
fc3.-X5 0 iji, p+^^IS^v'y 3:^1 0 7<o±(c^' 50 
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>'i/;^rwy f-'Y K^^y :/x>'v>y-y--i' v-^t^y 
y y K-^T'y^^^-y y -tJ--f K/i (7)Sik.^.^jpiy y 

f--r Kl 1 6^ff^i^feLfcV>ioi^S>1<y-i^-^ K1»jg^i:S 
5 0 2Jc4ol,^T«P+^iS^v-y => VI 0 7(Z)±{Cff^jj^ 

^ntz^y^:^'Tyy^j-^-( h'-^'^v^fyy])-^^ K 

^^^5'>->y-y--i' K^7'5^-^->y-9-'i' h'ts:t'(DmWi^ 

[0 0 5 8] Z(Dm7ti:t^ztizi:io. y-if-\i'- 

-t--A,BS,*r^«5 0 2 ti^(DgP^}i, i«ll!,'^,#M->y 
■y-'l' Kl 1 6^ic-arfc*S«fl^<i: L-CfeSfcfc, {Sfifei 

[0 0 5 9] El4(i;*:|l|^<7)CM0Si|^jSft:^a©SlJ(O|ll£ 

i(c^Lfcii}Hjij,tp^^i{&iiiii(j{^. i&mmm.ti. i& 

}±#^a^H -> y 3 7i .5 JSfeif^Sr it gJWi^^^i^liS 
T'iSlfifeiT'fcSP+ffigii*: 117 iNH-ffi^^ 1 1 8 i: L 

mmxitmmimmfmm.^m^is\^^x{m i <Dmmm 

iZTjk LtzP-m.ijii^'^n-m.m.m^^wiX'h s a\ m^m 

[0060] P+lg^ff 117 tN+®^f$: 118 OMfS. 

^tmK.^ti&'B<DcmsMf$.^z.io a i> nmos t pmos<7) y — ;^ i 
K u^r yw^f&(D^(r>-^mm k- t° v^^5r#^^fB'> y =1 

feii^^l 1 7fi* D>/^V^LBF2 Sr^^l^i^i: L, ItSttl 
X 1 O" atoms/cm' @SJil±T->- HfigifiliicW Q / 

□Ti^b 1 k Q/um%.(Dy- vmimx'h 9 , m.mmi 

«^l 1 8Jiy >/ii/>L?ilt*^^Mi|^<k Jigttl X 1 
0" atoms/c iii'SSiil±-ev^- hffi^»lSQ/nHff 

fiicWppm/'t:/!)^ p3^ppm/t:tfj^es <b €>„ 0 4 (^H 
Jit^(l(C^L7tCM0S}iy- h«1^;45^!^^avy 

iir/jr-So *fcia4{c:t5V^T, N+fe^f*: 1 1 8 i:P+ffi: 
fetf^l 1 7(©i^:&<^^Lrv^-5;4^ 
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[00 6 1] EI 5 it:^^m<D(Mosif^mi^mwm\<Dmm. 

#T'fc 5 P + y => V 1 0 7 *11(73CMOST'fc «) . 

ttiST«WJ*5j;t>*Ku-rvWffi<73rS]±^@6<j<!: LTV 
o^tetfclN- 119, P-120i:L, V-:^ th'i^^> 10 

i-ftz^mi^M&<Dm\^^i&wi.m^+ 103. p+ 1 0 4 1 l 

[0 0 6 21 iS^*ei|%ji;S«fi£t{cK±, PMOSl 1 2 COP 
-12 0 (Dm-kiat^H^^ t UT/Kn v/^^^L{i:BF2 ^ 20 
1X10"~1X10" atomsy/cm US.X'h 

y) , NMos 113 m- 119 (o»-g-{c:fi^^#) t LT y 

>'/iV^LH5lt*^ffll/^)iS^5 lX10"~lX10"at 
oms/cra'g^T'foSo I«^^tl?iafc7)t£ifeJlli. PMOSl 
1 2(D?+ 1 0 4<Dm-kl,ZitTMmt L•C*■^i^/^^^L 
ttBFi Srffll/^JgS;j5 1 X 1 o" atoms/cm' likJiXh *) . N 
MOSl 1 3(DN+ 1 0 3^^}c(±:^i^fei: LT y V^irV^L 
fiil:*^ffll/^S^;4^ 1 X 1 O" atoms/cm' a±T'fc.5o 

[0 0 6 3] ^-hmm^^hmtixjiM^tixi^^^- 

\tO. 5 ixm-fi^hWLumXhh, 0 5 {CjoV>THPMOS 1 
1 2(D)^mtznii>:ty±y Vm^X'h^ . NMOSl 1 3 fi 

J; "9 ^©|HIi^S^cfc^^TJi^/£fll5g^^M0S h y 

mm&^iatmm:^Mm:>3\^xy-^t 

^i)^W)3^xy-:^h Vu^^trn'^l^X^^^^X-o^am 40 

n^iry^yvm'&t-t^. ^fzm5\at.¥-vmmt 

LTP+#SSv'y 3V#S<D0iJ?r^LTt/^SdS, 0 3 
{c^LfcP+/i^"yf--r K«it^y- LT^ffli- 
■Sr i: tBjtgT'*)So ISl#lc}Sfci^li:t|§l5(c<iP-feSt 

i)^1^t>f£\^\ t<r>m(r>mm\^'0\^x\,-t. mibn—(r>^ 

[00 64] 06 \t^?km(D(MQ&^mw^w.<r>m<r>nm so 
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#T-fc 5 P + #^^B •> y => 1 0 7 ^lSOCM0ST-fc *) , 

</^i£t!ciiN+ 10 3, P+ 1 0 4 tria L, V—y^ t K W 

LT^Ii&i^jigwSv^teSfeSN- 119, P- 1 2 O^rE 
LfcV^^^iJiSPouble Diffused Drain (DDD) Ifjg^i^b 
ft^W&VyV'yy^—W^t L-CV^5, 05{c:^Lfc 
^ig<b (Sl^/iSbm^ S W i: -r 6 /5\ 0 5 {C,T^ Lfc^}£«?y 
<^^Os^^«. iSi^i^tiiiSfOtetill/iJy- |.«^i<^;a-- 
[0 06 5] 06 lc.T^i-1«ii{i0iJx{i{S^i^«S®ffi 

{S^|i61^S^»tet6:)i{i> PMOSl i 2 top- i 2 oco^ 
-^1- H^^iEiKl i LT # D > 1/ ^ L flBh ^ffl V ^^tS/J^ 1 
X10"~1X10" atoms/cm' igSffe <9 , NMOS 1 1 
3(DN-1 1 9(D«-a-{cfi^*ei^i:LTy V/<ei.^LfiSl± 
*$rfflV^2gS;i^ 1 X10"~1X10" atoms/cm' 
-CfcSo ii^i|iei^jgg©tefjgtt, PMOSl 1 2(DP+1 
0 4ro«-^{Cf±7Fjig6tli: LTJj<oi^/^V>LtiBF2^ffll/^ 
1 X 1 0 " atoms/cm' SX±X'h 9 , NMOS 1 1 3 © 

N-i- 1 0 sm-kiai^n^t LT y v/^v^Lftat^^ffl 

V^iiSAU X 1 o" atoms/Zcm' J^±r*fcSo 
[00 6 6] ^U^lfeSfc^N- 119, P- 1 2 0 i:^gV^l£ 
10 3, P+ 1 0 4«^-^'^vHlK(Oli;^|R]l£m 

*(Og{iii^il0. 2 ;im;f!i^t.l ^migST'fc.5o 0 6 
{Ciav^-CfiPMOSl l 2©>T-ftlJfctt/!i5DDDliig-efci9 , NMD 

SI 1 3nmmi)^wmT^i:ti:^x\/^^7ii. m^omnx 
(D^miimc J: 19 Mos h 7 i^i^y^'}'~-<DmM.micmt> h 

mmtL. mm:tjM^m:fji^x:^~-y^t\''i--(yAm 
>»t{il1-/j:^*> K u-f ^'{RiJ/cft^DDDli5^i:i-.5o 0 6 

tty- hmmt L-cp+#^ii->y =ii^*i<o{?^]^*L 

■Cl^S;4^ .0 3fOT^LfcP+3Kyi^--r K«jg*y- hm 

mtvxmm-r^i^th'^mxh^. mmi^m-mf^hm 
[0 0 6 7] 07 ^t-4^mm(Dcms^mi^ms.<Dm(Dmm 
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#T-fo-5P+#^^B->i; =3V1 0 7 ¥fii(DCMOST-fo "9 . 

xwi^iffi^mmmm<r>Wi\'^w^m^+ 103. p+ 1 0 4 

OV^J^i^SLightly Doped Drain (LCD) mitt^hfi^^h 

OS K^vv^;^^?-^^^^ LTi/^-So 05. me>{z.ir^\^fz 

[0 0 6 8] El 7 tc^1-«i£fi^J^«iS^Mi^?SS<7)SA 
%M^^:^'y-&.Xm)imVm.K^^%^\.fzM.^ CVDft 

1 2(DP- 1 2 0(7)*-a-{c:fi^M#Ji: LTd^o^^Tiv^L 

HBFj 1X10"~1X10" atoms/'cm' 20 

SS^T'feO, NMOSl 1 3©N-1 1 9 <D«-g-{C|±;F|iEi|^ . 

t LT u utmm^m\^^m&A^ ixio"~ix 

1 O" atoms/cm' gST'fe So 

PMOSI 1 2(DP+ 1 0 4<Dm'^iat^m.(l^t LT/K 
D ^-'ilr^ L»iBF2 SrfflV^itaJi^ 1 X 1 0 " atoms/cm' 
±T-fc"9. NMOSl 1 3<7)N+ 1 0 3#-^{Cfi^PSlE#li L 
r y >'fj:l^U±m^^m\/^^&i^ l X l O" atoms/cm' 

(0 0 6 9] f-'f K;^^-1M 2 1 WilSfiiiSHO. 2 
//m*^f>0. 5 /imSa^-efoSo @7f;i(i>y— H;1Si: 30 

■^^#ffirs ^ t x-mmici-^^ic 
1 0 0 7 0 1 0 8 ^t:^¥tm<D(Mosi|^^^mu<Dm(omM 

#T'fc-5P+#ISifa->y VI 0 7 ^liWCMOST'fc . 40 

t< \i h'u^ ytzii^^m¥!>mm<Dm^^ii.mmii- 1 1 

9.P-12 0i:L. y-:^i K^-^>'^L<fiKW 

iffe^i 2 2Sr|gftTffM*nfc^ii5Ei|^JiS(7)Jgi,Ntefl: 
SN+ 103, P+104i: bfcMOS h y >i^y^^—mi^ 

m5iC7nLtzmmmt(Dm^^it. M^n^^m^ 
mmtv- hmm(omicm\'^^m.mAmii^<btix\,^?>z so 
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Vt^h^^VcoWim^MJt^X'^ i> t\>^o M V y Vii^h 

[0 0 7 1 ] 08 {C7j^i-iiit«0ijifm^M4^^gS»i£ 
Locosff^ixiciri^Bficiy- haiit y-;^i Ku-rvtL 

PMOSl 1 2 (DP- 1 2 0©:S-a-t::fi:^*fi#)i: LT#a V 
^iV^L{lBF2 SrfflV^^i^;65 1X10"~1X10" atoms 
/cm' US.X'h 10 , NMOS 113 m- 1 I 9(Dm-^iat^ 

mmt LX ]) Wj:v^L^m*^ffl^^^SS>j5 1 x i o" ~ 

1 X 1 o" atoms/cm'@Sr'fc.5» '^'^W^M&^^WL 
m\t. PMOSl 1 2<DP+ 1 0 A(Dm'^\Z\-t^m.^t LT 
#0 i^/^l/^L(iBF2 1 X 1 o" atoms/cm' 

J^Ai-C'fct), NMOSl 1 3<^N+ 1 0 ^Wi^\:i\%'^m!it 
LT y ^'JiV^Lfiftt^^fflV^iSS^J^ 1 X 1 o" atoms/c 
m' ^±.Xh^o 

[00 7 2] >/-bmiii: v\^^>(ommj^^ihx\'^ 
t-^hWi-^m.mm^mktiX(Dmk\-t^m^'^m.\z.xti $ 

iX^m±.\ZhX.^fim'^\t.l iivam'^t^h^ixraXh 
5„ 08ti*3V^THPMOSl 1 2 <DJtftlfc:ft*Si^iiHlI1»ia 
NMOSl 1 3»4Mi!J*5ii5WJH»3t<!:J^^oTl/^5 

/i\ *^-o[HlSST'co^ffl*-?*l::J;'9MOSf7Vv^:=<^- 

»i±;a5i£i>g/<e»-^«y-:^<b KWV(75f^:&^ifi;i^ff« 
itt L, m:m:)jHi)^^^HXy-:^ii Kw-^ V/jsg^L 

J; 5 fi:m^\^\t.^^mio:>n\m(r>tz}b)^m-rf£t> 
h >mtni%:^ms.mmt-r?)o t.tzmsiat'if 
- hmmt LTP+#SBi,->y =ii^*s<DM^/T^LTv^ 

m3K^LtzP+7f.])^4 h'mm.^^-hmmt 

flP-ffifeift: LAVT^ LTl ^;'£^^3i^ m 1 ^0 4 LtzU 

p+i&ijif^. n+m.ifipi^^-ii^m^itcxmnm 
[0 0 7 3] 0l^3J:o5|a3 36^b08K)|l^£e•J^ct5^/^T 

/i«5tc7)MOS h y >":y:^^—^m.UW-^7ikLfz^\ 

c^- hmmmh^i6m!±mz!t^\^x&.±K7T^Lxt 
tzm^mi^(ot£t>t>bmmf£mit(r>m^tm.^'tt>-tn 
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[00 74] u±.^^m(Dmm(omm^pm^mi^mm 

[0 0 7 5] 

/ '^h^mi^mm^Ti-xny^mi^mm.icii\,^x. cms 

(dV- M;1l(D^fl;MSrNM0S, PMOst ti^PM^ISfT)^ 
^^yf-'T K(^^«1»jiT'fo2)PM^yih-r K«igt U P 

NMOSt LtV^ffiffl^fflO^fi^i^i LTfi£tfc^.ic«/J-$l/^ 

|HI]^S^CR|lll^S^^ffl^^tt^S^£^ft:*JJ:t>•^— if- l> y ^ 20 

[liIffi<7)ffi^/j;|jiB^l 

mmm. 

[13 21 M^^^f*:gBlCj;5iE®VR«^«tS„ 30 
[0 4] ^ti:|i|0J©CMOSij^#<$:^gOSiJW^Jg0!)^*1-m 

[H5i *^?^ocMosi|^^#^^i:iSfi(^slJ(7)^^£0^J^^^•rm 
[me] imm(i^ois^^mw^m.m\(n-m&.m^yr--tm. 

^fi^WffiHo 40 

[0 8] -jm'^mom^m^^W(n>m(n%'^m^^--f^ 
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[0 9] ^^5^E(7)CMosi|^^^^gB(^m^6<)»fE0„ 

[0 1 0 ] i^*©CMOSit^#f^^ao:^^WBrffi0o 
[011] ti£*rocMOS^«(i|i:^g(O^^6<j»rffi0o 
[?5^<7)i5i?^] 



10 1. 


2 0 1 P S^^fl^Stg 




10 2, 


2 0 2 N^^inyl/ 




10 3. 


2 0 3 N+ 




10 4^ 


2 0 4 P + 




10 5. 


2 0 5 y-Mte^m 




10 6. 


2 0 6 y>{-}VYmm. 




10 7 






10 8 






10 9. 


2 0 9 N+#*s^>-y 




110 






111. 


2 1 IN-^^B^ai^y i^^^ 




112. 


2 12 PMOS 




113. 


2 13 NMOS 




114 


P-}fifeift: 




115. 


2 15 N-lgfeif$: 




116. 


2 16 ^m^^^Wy')^^ K 


117 


P+S^f*: 




118 






119 


N- 




12 0 


P- 




12 1 






12 2 






12 3 






12 4 






12 5 


PMOS til 




12 6 






12 7 






12 8 






12 9 


Ifiin 




13 0 






2 3 1 


N4-^^iSp1iv/y 




2 3 2 


P + ^^fai^y ^> 




4 0 1 




X 


5 0 1 




X 


5 0 2 
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imi] 




m2] 

IB? y9«>vK^a^ 




[04] 



112FU0B U8NMDB UIP'-BWW l]llN--n«C tm^-^WW^'f: 



uanras ubmucb utih«^' usN-t-tOfaf- 




[05] 



113NM09 





i08P4-«was'y win**;** 




[116] 



I18NMD0 mr-mm 




ms] 
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im9] 




[011] 



2iaFMDB 



SlSNbEOB 




[01 0] 




(51) Int. CL ' ^SlJia-^ F I 

H 0 1 L 27/04 H 0 1 L 27/04 V 

21/822 B 

21/8234 27/06 1 0 2 A 

27/06 27/08 3 '2 1 E 

29/43 . 29/62 G 

F^^--A(##) 4M104 BBOl CC05 DD04 DD26 EE09 

FF13 FF14 GG09 GGIO GG19 

HH16 HH20 

5F038 AR09 ARIO AR28 AV02 AV06 

AV15 BB04 BB05 EZ20 

5F048 AA05 AA07 AB08 ABIO AC02 

AC03 AGIO BB07 BB08 BB09 

BB12 BB14 BB16 BC03 BC06 

BC07 BC18 BD05 BE03 BG12 

5F064 CC12 CC22 FF27 FF30 FF42 



